Abstract. An Ensemble Kalman Filter data assimilation (DA) system has been 11 developed to improve air quality forecasts using surface measurements of PM10, PM2.5, 
State variables

176
The DA system provides joint analysis of ICs and emissions following Peng et al. were only used to analyze P25, S, OC1, OC2 BC1, BC2, D1, D2, S1, S2 and PM2.5 . Since
199
we had no NH3 observations, PM2.5 observations were also used to analyze NH3 (see 200   Table 2 ). For other control variables, PM2.5 observations were not allowed to alter them.
201
For the PM10 observations, the PM10 observation operator is expressed as (Jiang 
207
meaning that, in the assimilation experiments, we did not use the PM10 observations 208 directly. In equation (13) and (14), P10 denotes the coarse-mode unspectiated aerosol 209 contributions; D3 and D4 are dusts with effective radii of 2.4 and 4.5 μm respectively;
210
S3 is sea salt with effective radii of 3.25 μm. We used the PM10-2.5 observations (the 
235 where Π 0 represents the measurements for PM2.5, PM10-2.5, SO2, NO2, CO or O3 (units:
. A value of = 1.5 and = 0.0075 was chosen for PM2.5, PM10-2.5, SO2,
237
and NO2. For CO, = 10 and = 0.0075.
238
The representativeness error is defined as Finally, the total error ( t ) is defined as
244
In order to ensure data reliability, the observations were subjected to quality 245 control before DA. Data values larger than a certain threshold were classified as 246 unrealistic and were not assimilated. The threshold values were chosen as 700, 800, 247 300, 300, 400 and 4000 μg· m −3 for PM2.5, PM10-2.5, SO2, NO2, O3 and CO, respectively.
248
In addition, observations leading to innovations exceeding a certain value were also 249 omitted. These threshold values were chosen as 70 μg· m −3 for PM2.5, PM10-2.5, SO2,
250
NO2 and O3. Also, 1500 μg· m −3 was chosen for CO. 
Experimental design
253
The DA experiment followed that of Peng et al. (2017) were assimilated hourly to adjust the ICs and the corresponding emissions.
261
After that, two sets of 72-h forecasts were performed, each at 00:00 UTC from 6 262 to 15 October 2014, with hourly forecasting outputs for the assimilation experiment.
263
These two sets of forecasting experiments were conducted using the analysis, and forecast experiments (Figures 5-7 ).
295
The control run did not perform very well, although it could capture the synoptic 296 variability and reproduce the overall pollutant levels when there was a severe haze event.
297
The statistics show that there were larger systematic biases and RMSEs and a smaller 298 correlation coefficient (CORR) for the control (see Table 3 ). The biases were −34. efficiently.
327
The PM2.5, PM10 and CO concentrations from both sets of forecasting experiments 
333
The overall biases were 6.5, −11.9 and 100.4 μg· m −3 for PM2.5, PM10 and CO, 334 respectively; and the RMSEs were 77.8, 98.7 and 805.1 μg· m −3 , respectively, in 335 fcICsEs24 (see Table 3 ). In fcICs24, the biases were 8.3, −10.3 and 130.2 μg· m −3 , 336 respectively; and the RMSEs were 75.1, 95.9 and 838.2 μg· m −3 , respectively (see Table   337 3). However, with longer-range forecasts, the impact of DA quickly decayed. The 338 relative reductions in RMSE mostly ranged from 30% to 5% for the second-and third- was the same as the control run, indicating that the impact of the ICs had disappeared.
352
These results demonstrate the superiority of the assimilated emissions, and that the joint 353 adjustment of SO2 ICs and emissions is an efficient way to improve the SO2 forecast.
354
The NO2 DA results for the independent sites showed really poor performance Thus, there was a large difference between the emission year and our simulation year.
376
Besides, the spatial allocations of these emissions over small spatial scales, and the 377 monthly allocations, will also lead to some uncertainties. Figure 10 shows the time series of the emission scaling factors and the emissions. (see Figure 11 ). In the PRD region, during the daytime, the three NO2 forecasts (i.e., improved the O3 forecasts to some extent from the 9-to 72-h forecast range. These 427 results indicate that DA is still an effective way to improve NO2 and O3 forecasts.
428
Regarding the failure to improve the NO2 and O3 forecasts in the BTH region, Table 1 . WRF-Chem model configurations in this study.
726 Table 2 . State vectors in the data assimilation system. 
